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(54)Title: NITRIDE SEMICONDUCTOR DEVICE 



(57) Abstract 

A nitride semiconductor device used 
chiefly as an LD and an LED element. In order 
to improve the output and to decrease Vf, the 
device is given either a three-layer structure in 
which a nitride semiconductor layer doped with 
n-type impurities serving as an n-type contact 
layer where an n-electrode is formed is 
sandwiched between undoped nitride 
semiconductor layers, or a superlattice structure 
of nitride. The n-type contact layer has a carrier 
concentration exceeding 3 x 10 11 cm* 3 , and the 
resistivity can be lowered below 8 x 10* 3 C2cm. 
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M&fcfeMEfe GaN M« N Si Ji1$# 1 

to«ifc«¥^#Jg£#frifctt GaN m AlGaN, -53ft 2 ffi5£&7gj&MJKtt«rt& 
Wi¥Js&&fc2kM GaN, AlGaN sSc InGaN. 

& N S&flAAAW&tt 3X 10 18 /cm 3 W««E^F*jR. 

NiiMI^t^i 8Xl(r 3 Qcm fftE&Gl^o 

M^MMSii^S GaN/GaN, InGaN/GaN, LGaN/GaN InGaN/AlGaN £&^&JM 

tt4M££JMtt&fe?J3J?r&jft> £+2.-** Si. 

8. ftttftS* 7 Jff^W«fli**^<*«*7C##. £#tE£^, 0r*fc N 
atfiMJSA^jBil 3X10 18 /cm 3 6<J^«^. 

SttttJSAft^JM 8X10- 3 ncm W%PJL^o 



itMISAWf l 2 N I^MWMtl^^S^f^f 

11. $n&*J^* 7 #r&tolRifc4fc^#£:ft7G##. N 

GaN ±, N GaN, *F&*0rfc»tt®tt£te«ifc4fc 

12. -#mtt.^##^7c^#, fi««*«±Md>»ia n n s 

'j9ri£Na«ftkJBAGaNaA, #&#ri£ N M&M Si, iiMHIPl2 

1 ffijfr J&f&toM 1 *4fc«»*9#JSfc GaN & AlGaN, 2 ®JjW/£ltt 

H 3 GaN, AlGaN lie InGaN. 



« m 45 



(In x Al y G ai _ x _ y N, O^X, ^Y.Y<l)iM/SW7G*#. 

fMk**9#B*ffl*f^***«iPlI*ftafc* LED, Mfe LED. #B£M 

6 led XifflfW, H*&M***«ftft**$;B4fc. 

4&*#f*WLED7G#ag*±AW»MJ»^. Si frsfc GaN « N AW 
W InGaN JDcAW InGaN W»ttJS.Mg AlGaN 

flpMJe, Mg»»GaN«|p«ftjH[JB. «#Sft«Effi£^««±W£tt. 4 
20nA (*£)+. 450nm(^)MMfe LED 3> 5mW(^^L), fl-apfl;^ 

*9. 1%, 520nm fKj^fe LED ^ 3mW, ^SP*^** 6. 3%, 3j*tiJ 

e& Ml T » iP^MW 410nm tfj}li&(#ij£n Jpn. J. Appl. Phys. 35(1996) L74, 
Jpn.J.Appl Phys. 35 (1996) L217 30. aft**7C*#Aifif3E^iKS«l, & 
ft^Aftffl InGaN #j£M*^#l£#J (MQW: Multi-Quantum-Well) #J?g<|4 

^EM'^JS 2ns, J3*#M& 2ms &#T, W<t%Mt 610mA, 
8. 7kA/cm 2 , M^W 410nm jifc^h, *g«Ae&ttft££»T%&K& 

^?bM«F^»*(«»-H&* : ? 1996 ^ 12 £ 2 B-^feTjt^^, 
Appl. Phys. Lett. 69 (1996) 3034- s Appl. Phys. Lett/69 (1996) 4056- „ 3£ 
tt7C##* 20°CT, 3.6kA/cm 2 , »{t%JBE 5.5V, 1. 5mW 

5&*T. 27 /hut. 

H4fc^#^aBW LED(^7C«#: Light Emitting Device)^ 
fflifc. LD(#ft-«# 8 Laser Diode) Hfc£!l5££a^* + *lttSJ*p {B2j7 

^ led T^jnflRWffl**. tts^ai*0^WiS^fi^±. wa-^Jtifti; 
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Jfcfls fTfcfc LED 7G»#£ 20mA + , Vf gifi: 3. 6V* fe$s 

/l(#iJ*H(felfi^ SXlO-'Qcm jlfc# f NM^^pT^iJ^^^ IV ^tC^IA 

Si, Ge, Sn^, Si. N g&tt@]ffiiigJMttft4fc4fe¥5#£ 

pT3* GaN, InGaN, AlGaN {B N liMI^^ In, Al #J GaN * 

1 «*fc40¥##*#* GaN $ AlGaN. JB/fc^F N £J£tt@to£K&fl|ft 
H 3 HttM&f^#£#;fc GaN, InGaN WL AlGaNo #»J^, pT#}#5& Si |ft N 



m&Mm(m 2 m)&^nm& g & n, mj^m GaNog 3 m)/s± w& GaN(m 

-JB)/i^*f GaN(*-»)WH»JBft«r«r*ft*«. 

Xl0 18 /cm 3 lU±6«J^^^^Jg. #**J*JMP53&ft. 4PI^SP^^ 8X10 3 
Qcm. WftfKj N M^I4M6tl^Pfi^m^ 8X10 3 Qcm 3>pg, (#iJ£nHS ^-ftj 
5,733,796 , fil*«a^«d>jfc*ffi*»te Vf. %P1¥& 6X 10 3 

Qcm WT. 4X10 3 Qcm WT. ft3E4*#J»feTll. 

ixio 5 Qcm W±o #fc«rFR0Mfttt%lfi» ^JSSBP^il^, W*Ufctt* 

flS*^##JSte»£-fcW«J+ja. 4OO'C~9O0-C^ 
A1N, GaN. AlGaN^£^;ft 0. 5^m £lTltt$IIP> &&#£#J§fR4fe46M£## 

«P»Jft<EJIIi*JIHS^GaN#»T. «#*GaN«i+/g. 

ifctt. m 3 m^t»¥##JK^l:^E 0.5nm WT. Iff 3 |K4k40*#ttJg 
tfj&#JgJ¥£ 0.2mn U*T, 0. 15nm WT. M3c##J$l£Tm , 0 

^in»ftio«w±. ^##^5o^w±, ft##^ioo^w±. mzn.it 
i 2 mm^/a** & n m&mzim&!& n £5Mt&ift?JB4> 

£±S£KI 2 je»^Sr«lft»JlltJ?S:« 100 



°C — 900°C ^^'J&J AINn GaN, AlGaN 0. 5nro WTto0J¥> W^Sfe 

GaN/GaN, InGaN/GaN, AlGaN/GaN InGaN/AlGaN &£-toM#.^Js£SM# to 

200 ^yr. jik» 3 *ifc***#aa*w»i»3exflt#TR. <§«#^n 

EfePl^iS^ii lXlO^Qcm VX±, #r WJ&Ji ^ 0. ljim to^#» 



ifi}^ til o 

*jft±ttttfe?tttttt N SLSMMrTAW 3X10 l8 /cm 3 &±W«jr?» 

m^mj&m®%i&. ^mm^m 8xio- 3 nc m o atw n M&jyt/iift 

EfePMSJM 8X10- 3 ncm WT, 4X10- 3 Qcm WT. S3c#3«£ 

£TPI, {I«*?tE^£ lX10- 5 Qcm £l±. ^fcPfl&TPHtte, ^MBP^ii 

® i m^^*%w-%ffimii$z&} lev 7ti*<gft&}W££,mwmo 
® 2 m.^^*nw%-mmm^$itfi ld ^^itt^gmgo 

i m& 

3 f ltlfc^M 

7 p 

9 P Efe$ 

11 N 
20 Si 

22 m im.tt>w*^tem 

24 I3I»#M 

26 NfiJ;ft#JI 

28 P#Jf0]|58Jg 

30 PimM 

32 P 

34 N 4$ 

1 



8 p®mi&m 

10 P^gJEfctg 

12 i&i&m 

21 

23 |2®W^I 

25 NflJ'&jl 

27 

29 p m^tmm 

31 P#J&fcfeJI 
33 ?'&&Kf&U 
35 *&^$| 



mttm&&m&i&£.&. mm. m 2H{t«fMit nsm, 
8xio- 3 a C mc mm. i3ftw##MW. fcm7f&&, 

3xl0 18 /cmo 4 5^7C^f^^7 NlM. Si Bfc Ge, 

Sio 

fommw^ n m^m^j^ 2 iit^^itM^itt e&«p 

±lftmft^¥^#Mlfl^if a ttk#iflJB;JI. Sift, m2M.tt.%)¥%WmMi& 

» i p±a*tt Mmm&m n Sift A^attjt 2 

NIM. 4M7tmft% X M&ffi, {S&&#*7 Si Ge 

Sio 



100^&T&### 70i£U*T. 10-40 i£UATo 

1100 $, *»|fea:^W«4k**^{*iiaWWt6*^Wftft«**#MBP 

KIM A. «Bttt**tt*tifc**9#«^ #KtB**M*Ufcto*^#attT 
PIM^^m^, #J:^-^ : ?M^±» S#£nmri£, ^io^^± 0 fcft, 

Al x G ai . x N(0<X^l)#o *ttttft«hfim4fc«r*9tt4B£*4l!rHttt 

*tt*«lft**W!R4fc**##<hW*tti<»*##. {Hft*?ft Al y G ai . Y N(0 
^Y<1,X>Y), In z Ga,_ z N(0^Z<l)tfj 2 7G$&t§. 3 TcMiiiftJlRtt^^^ft^ 

¥WW%£ffi±^ In. Ga ft Ali. x N(0<X<l),^BRIB*/>WJRifc**^# 
ft&J!fi±^-£ Al W In z G ai . z N(0^Z<l), ^J&^^jfltt&frlfriS&^W 
Al MiflttCY {D£ 0.3 UTM Al x Ga 1 . x N(0<X^O. 3)^ GaN 

.a. 

Ktt Vf(jEf&J%M)o 



3t3#5&iia|sl#g 2 £f$Slftf^o £PM1#7£T, AlGaN-^ GaN^Stk, %P1 
^^^'JWlUT^ffi- #!l$Q# AlGaN M-^ GaNM^^^I^lfi Mgt#7£T, AlGaN 

Mitt M g S^^m^^^c, y&'te^'K ^-^TM, GaN m&i&3i®:mMm. 
%L AlGaN Mg^ygft^^i^o BP<®}#& 1 (10 20 /cin 3 ft Mg, *l*f 

^ GaN ^(10 17 /cm 3 ^Jgatf^^^^S, AlGaN 1 (10 17 /cm 3 MA^flfE 

Tmm* A^aN/CaNtf^/g^, <t#J^idE nT^^i^^kT 

mm® can m±m&mgmm. ^nmmm^mmmm^T. 

&£K£iI&/£T, m%L^fe&tii&'J>M AlGaN JS^sfr, &M±, tt*^ 
AlGaN MfEffl, AlGaN Mffl?M1^«^i:i^ltt&/lo Sltfc, W&ftm 

f&m^MUik®*wfc*w : nm£&ffi, temkMytTtm*^ led 
ntt>vo¥wwm±&}&&mg.y%miE iao i7 /cm 3 ~ (io 2o /cm 3 , 

(10 18 /cm 3 -5(10 19 /cm 3 ^ffl. 5g'J^ l(10 17 /cm 3 , ^IMSS/h ftM^^ 
l(l0 20 /cm 3 ^^iS, {E&^^^ltfcJ^^im^fnK ft 
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&ft#4> 1/10 k±. tmmm$tm®*hmm&&}m, 

(10 19 /cm 3 ^To i£# Si> Ges Se. S. 0 IVB. VIB ^TGft* 

*I8'M*##*jfc). Attttift. mim&M®£t Si ft n AiGaN i§ 

GaN M^^a^^Mtf ^T, AlGaN dj^fc^f Si IWIf^^ 

5£±&?F#3?r, Mfc^#^£ffe&fftlft GaN#3?_ho GaN + 

miLmm, &^m&mm&mfoTMmimm. mat, «?*-^&GaNttA 

AlGaN ^^SP^^^o IP, ftUft^*^^ GaN 4» , tH£d># 

g AlGaN *^NM&Mft^Gfctlt^;fc Si) WltftjM.fia^pjfflaH 1 AlGaN 

M^SI2IW#M^WM. jfcJStoNffljfcJ!JUfel£'h. 

In x Ga,_ x N(0^X^l), <H£#Jif£-£ In x Ga,_ x N (0^X^0.5, 3 % 



GaN/Si GaN(B)/^^ G aN(A)/#^& GaN 
ffl 1 ^%#£HJ&5fc7£& 2 LED TcSH^falttm 

M^tis, <£S^M,g±?f-M losor, a^f^^^^o ^^±jg^^c®^h, 

l£ffiSiC(6H, 4H> 3C)> Si, ZnCk GaAs^ GaN^##^&„ 

mnm 2) 

mmmmrmmswc, ^mmmmm^HW, mm t w,m / %w^ tmg(= 

¥S£§0, ^«±£K 200 i£J?|ft GaN$iJ*g#Mo 

(B 1 m.tt>®}*mwm 3) 

2 fife-fejg, QLZzW TUG, Um±ftm 1050'C„ 1050 -C, IP 

WM 3. % 1 MttW^H^&^MSiiST, #I$H& 900°C~1100'CT 
£*c, pJIM In x Al y Ga l _ x _ Y N(0^X,0^Y,X+Y^l)^/& 6 titi& ft % 
GaN, ^ X 0.2 l^Tltt Al.Ga^N, BP^^^f#^^^pg/>fi<j^4t^^ 

&ft> mm^mvi. &&mi#>mm&]mm, m-^^ o.i( m w 

2 nikW¥Wtem'J>M SiG ^ n M^MM^^^PI^f^fft^Mc 

1050-CT, «/B TMGn ft, 20 i£Jg|J¥ltt«& GaN I. & 

m.1nSiH, ±¥z 2Q$kmmtf) Kl0 l8 /cm 3 Si GaN, ftjllt 
BP;£*t£-fc 20 GaN Jg#f7£/&lft A I^^f Si GaN Mlft 20 £ 

3M^tJ¥##M 4) 
gc*. tt^ Si^. I*J#£ 1050*CT£-& 100i£$|J?[tt#^GaN$!j 
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% 3 m.ityj¥%#-m 5. atm ^uit^^w^m^^ in x Ai y G ai _ x _ Y N(o^x,o 
^y,x+y^d^i^o fcfoj$ l ?fmT&, m.n% gsn, ^ x 0.2 wt^ 

Al x G ai . x N m Y <t2E 0. 1 UATlft In Y G ai . y N, BP^&#*£^#iPg4>lttm>te^ 
*##Mc 3g=£-£ InGaN, BP ^£±£-£3- Al UitW^Wfa* o 
(rSttM 6) 

800"C, ^^^^^^^il, -Kffi TMG, TMI(H¥S 
30i£#tJ?tf]##^ In 0 . 6 Ga 0 . 6 NM, f It^-ff 

(P #J^M 7) 

ilffiffiiSM 1050*0, TMGx TMAn Ms Cp2Mg(J^fi) , £ 

-£ 0. In ra M/?#J l(10 20 /cm 3 Mg P M Alo^Gao.gN fij P M^M 7 e llfcMffl 

*ft**ttffi : ?it»ja, tt* Al att,^^^^, S£f^ Al Y G ai _ Y N(0<Y<l)£ 
#7£-£*£ ( Iltek0fftM» 0.5u m URmm&J Y {t 0.3 LUT 

#] AlyGa^yN ^. 

(p mmmm s) 

& 1050'CT, TMG. C 2Mg, 1 (l0 2 Vcm 3 Mg P 

M GaN f&J P iiMI 8^-feO. liimJ^jpoP i^MI 8 Rm In x Al y G ai . x _ Y N (0 

^X,0^Y,X+Y^l)^^ o &km.J&7fmi&, m.&% GaN, $niifciP^^^#^^ 

fc&^Mjn, um&mMu, m-#^%)m.H*, &BL&®^ft, 1^700 
&&&&&&& xwm, fi±iw p ®mmm s m^m± 

^^ijb, ^*±M6<j p mmmm& f j^:m±^m±, mm, 200 
w-^Ni 15 Aumyt'&%m9, p#j*^ 9 ±7£/& 0. sum mm^nm 

m Au ffi&j£M p ^Efcts 10. ^-^rffi, £{gfb^i«iJfSdjift3il 2 

»-##M 4 *®±^3" Al IK IM, ^^T^iiE P ffe$ 9 31® 

ffiftiS i#r^/&Si0 2 $iJ*&|£jBt 12 js, fg#j^ £J£iJ, 4£iftlHI#?*WfE/a 350 



nm^W LED7ti2£#o 

Ht LED Tt&WrTJEfa&E. 20mA * » M^c 520nm 
5±flc GaN fll^^Ms Si GaN ftj N ffftjHjg, ^— *T#6<J InGaN 

8H£«U Mg AlGaN 41 P ifil, Mg GaN ft p W&jfekJlJff/FJgftffl 
^WB^fitJ LED m&%L3t LED tbtfit. ^ 20mA 0. 2-0. 4V tfj Vf, ft 

m^mns 40%~50%„ j(t^, »ft»ffi«§attMLED tt8*&5te!si±. 

(3fe*«2)j8# ; ?Sp«LED 

Si GaN/Si GaN (B) /#}#£? GaN (A) /Si GaN 

1 1 3 Bt. 3nm Jgjplft 

l(10 17 /cm 3 Si GaN, 3 aUMfc^ttS 5 Iff, 

l(10 l7 /cm 3 Si GaN*h, -%£5£#J 1 IrJ#$iJ^ LED t£##, &&, 

£#<J*S&, ^£BSP${ft io%, Vf »4tt£ttfflEtt:fc9tfentt LEDo 

GaN/Si GaN/#3#& InGaN/^^^ GaN 

BP, £ 1050*0 T, TMGn m.8. Si ^, 25 i&tf} 10 X 10 19 /cm 3 Si 

'CTfffi TM2n TMG RM.. 75pm QW£t InGaN. Si & GaN MJ£ 

J&ftfJ AJ13; 25i£, InGaN #J B M;*> 75 ^I^IIS 100 jl, 

2^m ^g^f^^^WI 2 flS**##Jg. 

(&ifitt4)j8fr^«*jWLED 

GaN/Si AlGaN/3E#& GaN 

* mmm i 2 ittt«^# 4 # , #sit 40 GaN m 

ffiMl&&}&} km*? 60t£M%} 10X10 18 /cm 3 Si M AI 01 Ga 0 . 9 NM Nf, #J 

ft&KJP 3 pa toHJ&^sttt&JMBEM LED 7G»#. RTtia It-^^J 

InGaN/Si GaN(B)/##& GaN(A)/#^$? GaN 
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^mt&M 1 *Bft, *E3ES5(C W)fflm& 20 ±£-fe 200 $ GaN #J|g# 
M2K 5»un ^*^GaN*!im lft^«&¥##M 22, 20 GaN @ A I, 

20 & Si GaN #J B /BjfiJBft* ft* 3^ira lft|gteT^fa#f^/&ltt3& 2 ft ft 
4fc*##JS 23(» 2 ftifc^^^^M 4 ft&/£-%£;&£#9 1 4BPQ) . 

4fj£tt£K±. £-£JSlGaNM, £&#JH IGaNM-h, Si0 2 «JQfi|!?g/&fttt 
tt^fMrn^fc^fc^toft*'!*. a-^aJJjIfcftyjR. TltT^ IGaN 
M±£-£H5 2 GaN, ^ Si0 2 ±mfa±&m 2 GaN, aft&gjfl 2 GaN flf 

^2 GaNM^s^#^6u^4fc^^##s^, iajifc, &mmn.iMs*&i* 

(*3«4b*M£#f*Jg 24) 

800'C, TMIn TMG, ft, 500 &At$tt#* 

jfe In 0 . os Gao. 95 N^^^W^ 3t^#M. 
(N i^I 25) 

^iS^^J 1050'C, ^Ili 200 ffi<J 20 i£#J 10X10 19 /cm 3 S I 
Al 0 . 2 Ga 0 . 8 N 20 GaN M, ^J^JK9 0. 8|ub #Jj&&Ti£ 

&. n mm&m 254 ffl*ff;ft9uffi?g*ffljg.&ft#ftj3, ai mt 

AiGau&jmfeTm, iooj&ua 

(N{R!l5tMM26) 

gMf , 0. lumM^W 5X10 17 /cm 3 Si N M GaN fjN«^I, 

jtk n myt%mm*ft%%&m&}ytmm, GaN, inGaN 

100^-5 urn, 200J^-lnm^j¥„ jfc N «&Jg 5 fi« — J!ft3jJ*3f Si. 

(»ttJS 27) 

&*, # 800'CT, £-|feJ»«ff 175 ^^^Sfi^#^^(MQW)6<J^e 
Jg 27, jlfcft^SlWfib 25 i&mmfe In 0 . 2 Ga 0 . 8 N#r7fc/&o 
(P flfllMUS28) 
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300 )&mm&)&& ixio 2o /cm 3 Mg m?m Ai 0 . 3 Ga 0 . 7 N m p mrnmm 28 0 

28 :£t$£I£ 0. 1 nm l^E.-F, 500 i£l^T> 300 i£ 

WTo 0. l»m mWkft, ^^ISP^a^A P MfSJI^M 28 

m&T&&&$kft®m.&^*mwmm^&o ai m^tk^:6<j AiGaN 

LD 7t3£#M#^«o ^Jftl, ^ Y 0.2nm Ui-bfitl AlyGa^N, 

500 i£^T. P #jrs]I^M 76 |$J^TPIS?E##]P!;£, {§^£?^J& 10 

(P#J7fc#Jt 29) 

^3f , £i£ 0. l^im $l#tf)3mitgS& P f'JfaJItM 28 /Jn , IX 
10 19 /cm 3 SMg P i GaN ffl P «3fc#S- ifcMJB *f^^ J£&Mtt3t#Jg» * 
0N«5feJSJ126|^#UJLGaN, InGaN£-£. jfc^jfc^RTffl*^^ P flj 
30 ttMfltM'JB, flM&^fefcfi* 100 i£~5jim, 200 i£~ljim 

mftm%:tt%ytwm, at ? i^is^i^ M g 9 p m^m^ p 

(P #J^M 30) 

lX 10 20 /cm 3 Mg ft 20 & Al 0 . 2 Ga 0 . 8 N M-5J#& IX 
10 19 /cm 3 Mg ft 20 & P S GaN IiIJSiA6*# 0. 8 jim Mjgft^JgJSf TBjfc 
tt P f'J&M 30. jJtJI^ N {i&JI 25 H8Ui*f1s#§t»Jg, ft 

p sjg«fcra*HMfcttM. j& p H£jb 30 

R&. iifi:^ 100 &&±. 2^unl^±, &i£## 500 i£lU±, ljim^T^-K:. 

(p nmmm 3D 

4fcff . 150 mm&&}&& 2X 10 20 /cm 3 Mg ft P M GaN ffl P 

io.p mmi&m&m&& 500 ^wr, 400 £3mT, m.&m& 20 

^jSZ^lfc^, ^fifit#*rt, 700'CT, atff»>fr^#. 

Pit- 2HK«HL{k. ^S2^, H RIE 

#f^, Iff RIE ttM±m&} P ffl£IAJg-5 P flfijg 30 40 urn ^r^ 
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fl&JB30ttlRl. «»|SN %tt 11 W» 2|Rtti«»*#S 23-»*B5IIUi, VL 

g*. ^#gP^:^^®±^^ Ni/Au m P 32. &3f £gg 2 #T^, 

P 32 ^Pffi^I, PltMI 31 ^®±J£j& Si0 2 %mf&m 35, 

#7£/&iai3£j&*fe^Jg 35 J; p feffi 32 £n&&6U p ft>t%«. ^-^r®^mr 

2.0kA/cm 2 , Wfi%fiE#£ift4V, 31 500 <Mrf &± . 

GaN/##& AlGaN/Si GaN/##& GaN 

^sfejfiw i is 2 nfrva^^temtk&rt' ^^ 20 ix 

10 19 /cm 3 Si #J GaN g, 01 £ 20 Al 0 . 10 Ga 0 . 90 N Jg, <£jtfc*t£i5c 250 

ft, 1.0 nmdoooo ^)@^T^^^f^^6tj^ 2 Uitm^^ 

*#Jg.*#*«^iBS*«<htt* 3HM*#M - BPrT^# Vf ft ft LED, 

««fl[W**7c»#. tiff 2lW##MW%»Js «Nfc*ft-5 
£ 2 nikW^^tt-m^M «B&Ak, Vf $&HH£. ilfc*h , *^HJ45S«fc led, 

(£5fi#J 7)£llt^|^ LED 

GaN/Si N M GaN/«j& GaN 

*^*:KW&Ji#*. LED 7C##9clfiMI»f^A n wtmi&mMfo 
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-^^Sfi^iJ 1 ^isj^-^^^a 2 Jg, TMG, tt»jK±#M 1050'C. 

^iilij 1050-C, BPlRj^^ffl TMG. ^^^^14^^. 1.5 umlKJ^W^ 

GaN mmi&Mm i tnfli«i*9#jB 3, m i m*fc^###M£&^#Ji 

Affi, #'J£H 900*C~1100*CT££:, pIW In x Al y G ai . x . y N(O^X,O^Y,X+Y^l) 
4*JJ&, jfcffldWlifc. GaN, m% X{t£ 0.2 ^TW Al x Ga,. x N, BP nf 

wmmfomm, — o. 1 &± 20 wtwk, jfcjwffE>MM# 
&m, &m&%b¥-ww> f&m^Jzf- 0. mem. &T&&&±&m*¥ 

&#, £ 1050'CT, l£fl§ tmg> t,^, #w&M^ttift^:>&^;#> £ 

^3 ^m^^^Si#^GaNMojifc^2M^^*#^M4^pTlUln x Al y Ga l - x . Y N(0 
^X,O^Y,X+Y^l)f£j/&, Jlfcffi/a^fflitt, ^$f^GaN, ^3jX{6 0.2^Tltt 
Al x G ai _ x N M Y 0.1 IMTft In Y Ga,_ v N, WH &$kfa'J>fo%tt>%Q 

± 20 Jim WTltt$l#. £*fE*7G*#£tt. te/8»jtoE£tf£«, 

lR]#£-KGaN, g^^M^ lXlO'Vcm 3 , ifePl^ 5X10- 3 Qcm o 
(|3|ikW^I 5) 

TMG, |WJ#^ 1050*C7£j& 0. 15^ JB&J9W##jfc GaM 
tfjjg 3 ^^^^^#^0 J&SH 3 nfoW^^Wm 5 ^PlW In x Al y G ai _ x _ Y N(0< 
X,O^Y t X+Y^l)te/fc. Jfcffljfc*/Bitt..*#fc GaN, ^^X^0.2^TW 
Al x G ai _ x N j£ Y 0.1 WT&tJ In y G ai . y N, gp^i&^^^Pg^ffjftft^ 

¥^Wm* InGaN, Al mtt«##^£±tf^T , RTKf 

3®ifc^^#M£^-&J&fttm^^#' #fll*GaN. 

jfc LED 7C«# j FjE|6J*JEE 20mA + f S^£tB 520nra ®Lm&%, -^$6 
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=?&1£fofo InGaN ffiMj&t&fe&m* Mg AlGaN, J&JSftW'&Jg> Mg GaN 

mj&m ? m&*kmmi*m*to&&fam&itft led pj^ 20mA + « vf 

Pfcf&O. 1~Q. 2V, #$B!r*tli^ 5%~10%o 
(£M 8)HjIJi#£j^ LD 

##^.Ino.o5Gao. 95 N/Si N g GaN/##& GaN 

1 2.- LD 7C«#sfejSfcW A-^ISSi N liMIKl^^^ 

^&mm 1 tern, fis^(c fi)$j£& 20 ±, 200^^ GaN $j 

m$?m> UJ&±ftm 1020*C, £ 10201CT, 5 jira GaN ftjjjl 1 

t 1020-ct, &m&^&ffi*%w&}i&ffi*%w, si im* n a 

GaNJfr^J«WJIi2|Mb«**#Jg23. £*|B*3fcfc5 X10- 3 Qcmo 
(I3M*#M24) 

mm, soor, &m tmi, tmg. 500 ^mmm^ 

In 0 . 05 Ga 0 . 95 N flj^ 3 ittti^f^#^Mo 
(N #J&M 25) 

SM^ 10201C, # lX10 ,7 /cm 3 Si N M Al 0 . 2 Ga 0 . 8 N 

lit n «fiSffi*ft*tt«T . 

(Nfljft^fl: 26) 

mm,$L& 0. 2 m&&} l X 10 19 /cm 3 Si N M GaN ftj N <W&#JI 26. 
ttN«^#26ffl*f^*»ttJSW**JB. S^-lfeGaN, InGaN, 
100 ±£~5 urn, 200 j£~l £fl$U?. life N fl9^9JS 5 #pT^ 

27) 

&*, T 800°C, ^Si^^In 0 . 2 Ga 0 . 8 NM^^#M^-K:25^^j?. & 
<5«{fc TMI ftjfcfcfcfc, 50 ±£JHtJ¥lft Si In 0 . 01 Ga 0 . 99 N /3Wj&lft 

(P«flHKUI 28) 

&3f , ^ 1020-CT, <sM TMG> RTMA, Cp2Mg, 300 ±£flJ¥ltt 
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«f"Bttt*»»ttJS*W lX20 20 /cm 3 Mg i^PS Al 0 . 3 Ga 0 . 7 N 0r7&/£W P fflffl 
P^M28o jfc PftNHtJB 28 S3? P M^^M, {Stfc^JgU?^, %Lfc*5%m 
W N S5Mtffl*HBtt*E?ft i Mo P flffil HUB 28 mm&iM&lE 0. l WTo 

^ o. i urn ®mm, mmwMTMA ? mmmm 28 m&±ik 

fgiPfHc Al AMAfc^ffl AlGaNiB*, LD jc*#tt#Jt£«. tffjftj, 5g 
3j Y 0. 2 W±fKj Al T Ga,.,N f 500 i£WT. P fflffifttjg 28 ft& 

(p#j3t#a) 

£Mf , ? 1020°C£-& 0. 2 jun mm&3 1 X 10 18 /cm 3 Mg P g GaN ffl P 

InGaN 100 ^m, 200 \im ift. P flpjft 

(P flPJ-a^ 30) 

1020 e C^-K: 40 ±£|ft lX 10 20 /cm 3 Mg Al 0 . 25 Ga 0 . 7S N M-^ 40 

p s GaN i?fiis 40 mffiM&m&?mttj£tt ? m&m 30. st 
n fpiij^a 25 mttm&ftxmffi.Tmmmo m&Tmi&Ymte. bpw p 

mmSiik. 150 ±£®t##J 2X 10 20 /cm 3 Mg P M GaN $j P tt««k-JB 31 . 
&8L%JtiJ5, ffifiMrt, Ht^t*, 700'CT, &*Tf$)ti&;£, ift- 
#&PJgte4lfi4fc. i£&£«iii£l>h $nB2^, Urietg 

»fMfr*±®W P tJSMM 31 Jf P i^I 30 iAXd, flSjfcJW 40 (im 
fctflfc, IfMN^ ( ^2m^tj¥^^^23^ffi||tiio 

mm, =f mm^^m^^ Ni/Au « p « 32. a— ar®, ^^ti 

^ Al $j N 34 T^wm 2 «iM&*-##^to*3fc£SP*®-t. *3££gp 

&^bp 80% ua±^®ir. *ni«:*a*j-^ p 32 £.mtmm&m, 2 mitw* 
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Si0 2 #J^I£t$l 35, ^^ciliiiiib^^^ 35 P feffi 32 Au ft] 

^|Ef ST. 5kA/ctn 2 , ®{j|fcjBi 4.0V, 405nm fitjiS 

iMrfcflS 10f&&±. 

(&tt«9)=J&Jg*gM*LED 

#£$f ln 0 . 05 Ga 0 . 95 N/Si i^Ng GaN/#& GaN 

^ £*£#'J* , % 3 m.ik%d¥Wtem 5 £-£8*, 4»$fiJK3l 800*C, TMGs 
TMIs ft, £K 200 &Aft#ft-3|£*ft In 0 . 05 Ga 0 . 95 N M> fcftM^&Mm 1 *B 

frm*%iW8.*mmo &jr±. w®si&m 1 3i«^ 

ixio l7 /cm 3 WT. J5#**f*8fct. H£Stfrii*jtt;*ls 

*ffl!«iflF» ma huh. #5E^»ffl«^(##eiB$i*^i 9—11) c teztmn. 

InGaN/Si N m GaN USffi&^#l/#^& GaN N GaN/Si N M 

GaN JM&^fa/#3#& GaN * , K*2feJK±**m» 2 IMfctM^tt®. 

(mrnrn \o)iam=?!&m lrf 

GaN/Si GaN/##& GaN/###? InGaN 

10 m led j^mmm 1 ffiita^/satfii 2 ^b, 1 
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&3f , # 1050'CT, ifcffl TMG. n.R Si ^C, 2.25 \x.m &J 1 

X 10 l9 /cm 3 Si Si GaN M. 

#jtfc*K , £ 1050°CT, teJBTMG&ft, £-£20i£«&GaNM. & 
3f , 4 800°CT. TMIs TMG *fe"t£ 10 Jim 3f^M InGaN. £njifc, 

^«&GaN#f^/&£fl AI^ 20 i£, InGaN ffi MJ& ft B JI#J 10 i£, 

BP^SM^ 20 Jg, 600A&te^t^;f7£/&ltt^ 3tW## 

a. ±^^^#J^^5S^'J 1 3l/&£;&fc#iJ 9 M LED. 

ft W_t$iJ/&ltt£*£#iJ 9 Mmfe^^W LED ^W-^^^^'J 1 ffilWJWtt^o 

(mnm n)£iif^^i led 

GaN/Si N M GaN/Si GaN 
^£S£#'J6+, 1 3«^SilX10 17 /cra 3 , % 2 % 

fcty^^Wm GaN4 #£f Si 8X10 18 /cm 3 , 3 a^^#/l^S*&*h 

i^mrn 12)ELMM$t^ffl LED 

Si GaN/Si N M GaN/#3#£? GaN 

^£fl£#'j6*, l&B 3 %# i m*^Wm*¥®?k Si lX10 17 /cm 3 , 

GaN4 Si8X 10 18 /cm 3 , HI 1 ft4fc#f^#M 5 #3#&*h 

13)HMM#^^LED 
Si GaN/Si N M GaN/Si GaN 

T'&nm 6 «fi i #b 3 3-^5 sisx 

10 16 /cm 3 , M2m^^l*#^MGaN4 Si 5X10 l8 /cm 3 *h I*J#?£/&7G 

GaNSi GaN/^#^ GaN (A) /Si GaN (A) 

£mj 14 m led i mm, j FMj$,mrt , m3Lj5, &^mmm 1 

*B1*)&#T, 1.5^im6<J^#^GaN^$!im 1M^#I3. 

&5f, £ 1050°CT, TMG. Si ftltiF 1 ^^: 2.25 nm tfj 

J#^T lX10 19 /cni 3 Si lttSi2#&GaNJI, 2 WWB 4„ 

£ 1050°CT. ^ffi TMG Sitn, 75 jim GaN, £*B 
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mm&T&m tmg, m.*%&si*%, 25^^^w ixio i9 /cm 3 si tfy si m 

^GaNMo £fljtb, ^*#3lfGaNJ?f^WJi^75^j»k^, Si GaN BM 

ftfirdf&ffl/fttt$Mtfl! H ftjBft?&tt led i ft ft ft & 
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